We adopt suitable numerical method to study the solitary waves of nonlinear Dirac equation in complex system. In some conditions, using nonlinear Dirac equation, we can better describe the macroscopic electrical phenomena and features generated by large amounts of electrons. As a result, we found the solitary wave's integral parameter plays an important role. With the increase of the integral parameter, the solitary wave's characteristic scale is becoming smaller, and the solitary wave more and more like a classical particle.
Introduction
In 1928 the British physicist P. Dirac presented a relativistic quantum mechanics equation which describes the movement of an electron, namely, Dirac equation [1] . It is the Lorentz covariant modified Schrödinger equation, and can meet the special theory of relativity and quantum mechanics simultaneously. However, Dirac equation, even taking into account the role of non-self-excitation field, can only be seen as the linear partial differential equations. The so-called linear equations satisfy the principle of linear superposition, and linear superposition of any two solutions is still a solution of the equation.
The scholars proposed more and more other nonlinear Dirac spinor field schemes [2] [3] [4] [5] [6] [7] [8] [9] [10] , which can be applied in a mass of complex systems, including the nonlinear chemical reaction diffusion system, the complex biological tissue system, etc. In some conditions, using the nonlinear equation, we can more convenient to describe the macroscopic electrical phenomena and features generated by large amounts of electrons [5] .
where  is the spinor field,
, and   are Dirac matrices which meet the relations
,  is a constant, and
is a nonlinear selfenergy item, and ignore the effects excited by coupled electromagnetic field [11] . So the action of the nonlinear Dirac system is
By means of the variational principle, we obtain the nonlinear Dirac field equation as
It is clear that the constant  can determine the strength of nonlinear interaction. 
This is a nonlinear eigenvalue equation, and the eigenfunction is  , the eigenvalue energy is E .
The above equation can also be expressed by
Assuming that the characteristic space scale is
, using the variational principle, we obtain the following solitary wave approximate normalized solution
where the characteristic amplitude
, the characteristic length 
The motion of the solitary waves interacting with external fields
Using (6) and (7), combined with Lorentz transformation, we can obtain a solitary wave solutions with linear motion:
is also the center position of the solitary wave, which is given by
In the following, we will discuss the motion of the solitary waves interacting with external fields. Since the solitary wave is stable for small perturbations, we could assume that the shape of the solitary wave is approximately unchanged. So we could focus on the movement of the wave peak point of the solitary wave. Using the variational principle, we have , 0
. Substituting (8) and (9) into (10), we obtain
In the the frame of reference  , the origin point of which is always the center point of the solitary wave, we obtain . 0 ) ) ( (
For low speed conditions, applying the time dilation formula for fixed point measurement
is the external potential field. Substituting the above items into (12), we obtain 
Compared with the motion equation of classical particle, the additional item is
We then study the trajectory of the center point of the solitary wave under the three-dimensional
trajectory is as same as that of the particle in classical mechanics. Suppose the external potential field 
Conclusions
In summary, the theoretical analysis and numerical calculations show that the integral parameter plays a decisive role on the characteristics of the solitary wave. First, with the increase of the integral parameter, the characteristic scale is shrinking, and the characteristic magnitude is increasing. Secondly, the motion of the center point of the solitary wave is related with the integral parameter. With the increase of the integral parameter, the solitary wave more and more like a classical particle.
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